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Acne vulgaris displays all the characteristics of' a
polygenic disorder in that hereditary factors are ap
parent with strong family tendencies for the disorder
while the phenotypic expression of the disease varies
over a wide spectrum. All that is known for certain
concerning the genetics of acne is that concordance is
extremely high in identical twins. 1 In the past dec
ade. various investigations have resulted in much
clearer concepts of pathogenesis and have brought us
to the point of effective therapy for the majority of
cases. In this report. I will summarize recent concepts
in the pathogenesis of acne vulgaris.
I. Acne H istopathogenesis.

The histopathogenesis of acne involves two main
pathways: I) impaction and distension of sebaceous
follicles by tightly packed horny cells and 2) disrup
tion of the follicular epithelium allowing discharge of
the follicular contents into the dermis which then
induces an inAammatory reaction. 2 The clinical coun
terparts of this process range from the non
inAammatory comedo to inAammatory papules. pus
tules. and nodules.
The sine qua non of acne is the formation of
comedones. Ordinarily the epithelium lining the ca
nal of sebaceous follicles produces keratinized cells
which are sloughed and carried to the surface in a
stream of sebum. Comedo formation begins when
follicular horny cells begin to stick together. As
horny cells fail to dehisce. an expanding solid mass
accumulates and dilates the follicle. Recent electron
microscopic study of the dynamics of comedo forma
tion confirmed these observations and also demonFrom lhe University or Pennsylvania. Duhring Laboratories. De
partment of Dermatology. Hospital of the University of Pennsyl
vania. 3400 Spruce Street. Philadelphia. Pennsylvania 19104.
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strated a decrease in lamellar granules (membrane
coating granules. Odland bodies).' A decrease in
membrane coating granules with comedo formation
suggests that these structures may act as lysozymes
and promote cell separation and not function to keep
cells together as "cementsomes" as proposed by
Hashimoto.• Further studies on the dynamics of
comedo formation and the ultrastructural changes
which result in failure of separation of horny cells are
needed. The developing comedo surfaces clinically
tirst as a "whitehead" in which the surface opening is
microscopic and then bulges above the skin surface as
a "blackhead." The color is due to melanin pigment
produced by melanocytes which are found in the
upper 20% of sebaceous follicle epithelium.'
A mature comedo is thus several millimeters
deep and firmly entrenched. Attempts to dislodge
these lesions by vigorous. abrasive washing in hu
mans and in experimentally induced lesions in the
rabbit ear model fail dismally. The significance of this
area of research to the clinician is that vigorous wash
ing is of little use in acne therapy. Former concepts of
obstruction at the follicular outlet which could be
relieved by frequent washings and use of "peeling"
agents were grossly incorrect. Such theories do not
stand up to the overwhelming evidence that com
edones represent an impaction of the follicular canal
with a solid mass of horny cells. Comedones are deep
structures and successful therapy can only be
achieved by altering the abnormality in follicular ker
atinization. Retinoic acid's mechanism of action in
volves its effect on keratinization. As a side effect. it
can produce "peeling" and dryness. but this is unre
lated to its mode of action. In the treatment of both
experimentally induced comedones and naturally oc
curring lesions. retinoic acid induces the formation of
horny cells which no longer stick together.• Inhibiting
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the synthesis or quality of the cement substance
which binds horny cells into soli-d impactions thus
attacks the disease at the very point of origin.
Acne becomes an inflammatory process when
the comedo ruptures. Disruption of the foHic- ular. wall
may be partial or comple\e. The seve,rity of t· he Cilinii;•
cal lesion correilates directly with ! he extensiveness of
the rupture and rang, es from a segmental disorganiza
tion of follicular epithelium. resulting in a quick-heal
ing pu.stule. to major breakdowns and dissolution
and formation of a de-ep indolent nodule.
Rupture is n-ot a consequence of simple pressure.
Neutrophils first col'lecl along the border of the fol
licle, usually in a ci.rcumscribed fashion. and then
invade the epithe-lium. inducing spongiosis and cellu
lar degeneration and f.inally rupture of the follicular
epithelium.' A derma;l abscess consisting l'irst of leu
kocytes and l·ater .mO'nonuclear cells and giant cells
then develops. Partial' ruptures heal by resorption
and the horny impact• e:\l mass remains in situ. In
moderate-sized rup-turis:, the severed ends of epithe
lium send out sheels of undifferentiated cells which
undermine and reincapfulate the abscess analogous
to the healing proc<!sses involved in superficial
wounds. A new epithelial lining is formed and
redifTerentiates i.nlo a keratinizing membrane and
produces coherent horny cells. With repeated breaks
and repair. secondary comedones develop which are
recognizable clini,cally 'because they have irregular
shapes and si.zes ai'l-d Can mimic small keratinous
cysts.'
Massive rupture-of developing comedones results
in the foll.i-cular conle·nts· . being literally extruded into
the dermi.s, and a viole0ht inf1ammatory reaction re
sults which is seen dinically as a tender, erythe
matous papule or nodul.:. These lesions are deep and
can persist for wee-ks as a foreign body granuloma
replaces the ini, tial absce·ss.'
The significanc.ti of these insights in the
pathogenesis of inflammatory lesions rests in the fact
that pustules.. papules,- and nodules actually represent
an injlammatoty proi.ess and not an infectious one
despite the simila. rity of the lesions to pustules and
furuncles caus.ed by S1aphylococcus aure,us . , {,S.
aureus). The faG' l !hat an acile n· od,wl·e re�re:s'ei'/i'f.5i an<
, t
int1ammatory process acctturi•is fg.r i!oie 5. t[(lt,i\i,0C ih
lralesional corticostero'id lhe.rapy. H l.ti�Se iesi>v��:
were infections, steroid injectio.f.l w·6uld·s:ure1ly\,or. sen'
.
the condition. S,irnih1r<fy. �-p;prec.iaCio·n I.bl!'( papwies..
pustules, and nodules. are inflami11a-tory reaciiori.s lg
extruded follicular material is important· when eval-
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uating antibiotic therapy in acne. Antibiotics do not
induce pu-s.tules and papules to resolve. Rather they
work in an indirect way to minimize formation of
new lesi·ofil.s.
II. Bacteria and Acne.
'.1st lh:rs i.ol1!g tjeen recognized by clinicians that
syst�mic antibiotics are beneficial i11 the therapy of
inflammatory acne. but it is not until relatively re
cently that the role of bacteria has b e. en studi·ed.
Three kinds of organisms ar e· constantly found
in the sebaceous-rich areas and they constitute the
normal resident microllora of all persons, regardless
or the presence or absence or .acne.' They include: I)
the yeast Pityrosporun: 2) aerobic coagulase nega
tive cocci: and 3) the anaerobic diphtheroid now
ollicially classilied as Propionibac{erium acnes (P.
arnes ). The aerobic cocci and Pityrosporu.n are mainly
located superticially near the orifices of sebaceous
follicles. Propio11ihac1eriw11 arnes inhabits the depths
of the follicle and there is com.i-derable evidence
implicating this organism in the pathogenesis of in11ammalory acne.
I. Large numbers of P. acnes accumulate in fol
licles immediately preceding c.omedo forma
tion.'
2. Acne subjects have signifiicantly greater num
bers of P. arnes than age. d•-rnatched controls.
This difference is present in tho,s e between 11
and 20 years or age. but does not exi·st in
older individuals.•
3. P. acnes produces substances capable of in
ducing comedo forma'tio
- n in the rabbit ear
model.'
4. P. arnes is responsibl.e for the liberation of
free fatty acids which are comedogenic and
capable or inciting pronounced inflammatory
reactions. 9 ·w
5. In the absence or P. acnes, inflammatory le
sions are not seen. Corned.ones provoked in
the rabbit ear never rupture because they are
sterile: coal tar and chloracne are pre
dominantly comedonal. The antimicrobial
activity or those a.gents prevents the develop-I.;,;_ ·.\, nle,rit di,', i,\(l
, a: nu11;.1tory lesions.'
' ,)f \i\,,�lihi.oii�· such as tetracycline and eryth•. · ' HJi,l1yci11 whit:li suppres-s P. acnes are benefi
.Jial in ther.apy, while others such as penicillin
i1ntl s.u.lfona1i1ides do not effect P. acnes pop
ulation and are ineffective in ,icne therapy."
7. Prolonged antibiotic therapy also appears to
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eventually result 111 a decrease in com
edones."
Studies to date thus have implied that a nor
mal resident organism is acting somehow to promote
the follicular rupture and subsequent inflammatory
reaction which results in clinical papules, pustules,
and nodules. The mechanisms by which P. acnes
induces inflammatory lesions is still to be settled. The
significance of free fatty acid production has recently
been seriously challenged by the finding that a topical
lipase inhibitor suppressed free fatty acid formation,
f
yet the clinical disease was unaf ected. 13 However. P.
acnes also possesses a variety of other enzymes in
cluding hyaluronidase which may be more significant
in the disruption of the follicular epithelium that
leads to an inflammatory lesion.
Further studies in our laboratory indicate that
P. acnes appears incapable of developing resistance to
tetracycline and erythromycin. This is of importance
when evaluating a patient whose acne is not respond
ing as favorably as expected to systemic antibiotics.
Propionibacterium acnes resistance does not explain
resistant cases. Some patients. however. can have
significant impairment of intestinal absorption if they
ingest antacids or large quantities of milk.
There are two useful techniques for documenting
poor absorption of antibiotics. The easier technique
involves the use of a Wood's light. Propionibac1erium
acnes makes a coproporphyrin which fluoresces coral
red under Wood's light examination. During antibi
otic therapy, the intensity of this fluorescence is
markedly decreased and often completely eliminated.
The nose and nasolabial folds are the areas of max
imum fluorescence and easiest to examine. If these
areas still fluoresce heavily after a month of systemic
antibiotic therapy, then incomplete intestinal absorp
tion of the antibiotic is likely. The second technique
involves measurement of the degree of resistance of
the surface aerobic flora to the antibiotic a patient is
taking. Normally the surface aerobic cocci show little
(less than 20%) resistance to tetracyclines, erythromy
cin, and clindamycin. After two to three weeks of
therapy, approximately 80% of the surface aerobic
flora will be resistant to a systemically administered
antibiotic. 11 By quantitatively culturing the surface
aerobic flora on media with and without added anti
biotics, one can rapidly estimate the degree of resist
ance. If the antibiotic has not been absorbed, the
surface flora will not have developed a high degree of
resistance. Quantitative cultures provide precise data,
but even semi-quantitative analysis, easily done by

17

any laboratory. gives sufiicient data to document
whether or not a particular patient has a problem in
absorption of an antibiotic.
These two techniques can therefore be used to
determine rationally whether a change in antibiotic
therapy is indicated rather than blindly switching
from one agent to another.
For twenty years, successful antibiotic therapy in
acne has been limited to systemic agents. More re
cently. as basic information has accumulated on the
factors involved in percutaneous penetration, the age
of topical antibacterial therapy has arrived. Agents
are now available which can penetrate sebaceous fol
licles sufiiciently to suppress P. acne. Benzoyl per
oxide is now available in several formulations and
has been shown to effectively suppress P. acne and to
be effective in the control of inflammatory acne. 1•
More recently, 2% erythromycin has been shown to
exert a similar beneficial effect. Unquestionably. sev
eral other agents, formulated to penetrate skin, will
be forthcoming. While the use of systemic antibiotics
in acne has proved to be unusually free of serious side
effects. the future on antibacterial therapy in acne lies
in effective topical agents.
Ill. Sebum Production and Acne.

Acne and excessive production of sebum are in
separable. While there is some individual overlap,
acne patients have a greater mean sebum production
than age- and sex-matched controls. 15 Furthermore,
the severity of the disease parallels sebum produc
tion-an absolute characteristic of acne conglobata is
excessive oiliness. Acne does not make its debut until
pre-puberty when sebaceous glands start to enlarge
under the influence of adrenal hormones. This pre
pubertal onset of acne coincides with enhanced sup
plies of cortisol and adrenal androgens accom
panying adrenal gland maturation. Cortisol appears
to act in a rermissive fashion in two ways: I) Corti
costeroids are known to augment the action of test
osterone on androgen-sensitive tissue, 16·11 2) corticos
teroids potentiate the follicles· ability to undergo
retention hyperkeratosis and form comedones.' With
the onset of gonadal function and testosterone pro
duction. a f'urther increase in sebum secretion occurs
and acne severity increases. While adrenal and go
nadal hormones are prerequisite to development of
sebaceous gland size and function, all studies indicate
that acne patients have normal circulating levels of
androgenic hormones. 1'' No difference exists even
when the most severely afllicted are compared with
appropriate control subjects. Enlarged sebaceous
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glands and overproduction of sebum seem therefore
to indicate an end-organ sensitivity. In fact a recent
study does suggest that the sebaceous glands of acne
patients metabolize testosterone to the metabolically
more active dihydrotestosterone at a 111 uch greater
rate than those of non-acne subjects. 1• Such a finding
supports the hypothesis of end-organ sensitivity and
explains why testosterone blood levels are not higher
in acne patients. This study suffered. however. by
not matching controls to sebum production. and
until such studies are performed. the inviting concept
of end-organ sensitivity to normal levels of test
osterone is not yet proven. Future investigations of
this end-organ hypersensitivity promise to reveal
basic secrets of the acne process.
Currently. researches are being made for topi
cally effective agents which act to produce a local
suppression of sebum production. If an agent or
agents can be found which are free of systemic effects.
a major advance will have been made.
IV. Miscellaneous Factors.
Dier. No evidence exists to incriminate dietary
factors. The few studies on this subJect have all come
to the conclusion that diet does not play a role. 19·'0
Dietary restrictions do not constitute rational meas
ures in an anti-acne regimen.
Fric1ion and Trauma. Once one understands the
evolution of an inflammatory lesion. the adverse ef
fect of friction is apparent. Repeated trauma to a
follicle. distended by an impaction of horny cells.
promotes rupture of the follicular epithelium and the
formation of new inflammatory lesions. The common
sources of friction include overzealous washing. par
ticularly with abrasive soaps. habits of leaning on or
rubbing an area of the face. pressure from helmets.
tight collars. wrestling. and other contact sports. At
times, local physical factors can be severe enough to
the degree that usually effective therapy appears at
best to be merely containing the process instead of
suppressing the formation of new inflammatory le
sions. Failure to perceive the role of friction often
leads the therapist to switch from one antibiotic to
another in a fruitless search for the "best antibiotic."
Emo1ional Fae/ors. While rigorously controlled
studies with endocrinological monitoring have not
been done, there is general agreement that emotional
factors can play a significant role. The probable
mechanism is the production of adrenal androgens
which lead to increased seborrhea followed by crops
of inflammatory lesions. Women appear to be more
susceptible, possibly because their sebaceous glands
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are not as maximally stimulated as those of men and
any increase in circulating androgens will have a pro
portionally greater effect. The ultimate expression of
this factor occurs in women and is often referred to in
texts as pyoderma faciale. Actually. this is an ex
plosive form of acne almost exclusively seen in
women. Classically. a severe emotional stress pre
cedes the onset of marked seborrhea which is then
rapidly followed by the onset of deep nodular and
pustular lesions. This form of acne is extremely diffi
cult to control. and in addition to the usual thera
peutic maneuvers. some form of tranquilizer or seda
tion is necessary.
U/1raciole1 Lighl. Most dermatologists would
agree that ultraviolet light is helpful in acne therapy.
Acne patients in general appear to improve in the
summer. However. such improvement may more ac
curately reflect seasonal variation in the disorder
which is unrelated to ultraviolet light. Recently. Klig
man and Mills have incriminated ultraviolet light in
that erythemic radiation actually enhances the com
edogenic activity of materials such as coal tar and
free fatty acids in both humans and in the rabbit-ear
model." Further work is needed in this area to dis
cern just what happens to the acne patient who
spends his summer on the beach and appears to im
prove and require less therapy.
Cos111e1ics. Many cosmetics including cleansing
creams and moisturizers contain chemicals which can
aggravate acne. 22 The mechanism appears to be that
of inducing the derangement of keratinization which
results in horny cells sticking together and eventual
impaction or the follicle. Cosmetics do not produce a
physical obstruction of the follicular orifice. rather
the mechanism appears to be due to a chemical in
duction or comedo formation. The follicular epithe
lium is induced to form horny cells which stick to
gether and eventually result in comedones.
Therapy.
With the basic concepts of pathogenesis as out
lined above. our approach to acne therapy is as fol
lows:
1. Diel. No evidence exists to substantiate the
common belief that certain foods aggravate
the acne process. Dietary restrictions are use
less and ineffective.
2. Skin care. Acne patients are oily and want to
remove the objectionable feel that excess oil
produces. No "special soaps" are necessary.
Patients should be instructed to wash gently
two or three times daily to remove surface oil,
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but under no circumstances should they scrub
or abrade their skin. This leads to an in
tensification of the inflammatory aspects of
acne. Blackheads are 4 mm deep and cannot
be washed away-as most acne patients even
tually discover. Local friction to the acne
areas is to be avoided at all costs.
3. A primary and perhaps the central thera
peutic maneuver involves the topical use of
retinoic acid (Retin-A') which reverses the
abnormality in follicular keratinization. This
material is applied once daily to the entire
area of involvement. not just to clinical le
sions. Application must be only to bone dry
skin (no closer than 15 minutes to the last
facial washing) to avoid unnecessary local ir
ritation. Patients who also have atopic der
matitis may be able to apply this agent only
once or twice a week. Retinoic acid unseats
existing comedones in 8 to 12 weeks and pre
vents the formation of new lesions. As such it.
is the backbone of acne therapy. It is contin
ued till the patient is free of new lesions for
several months and then slowly withdrawn.
4. Antibiotics are indicated for patients who
have moderate to severe intlam matory le
sions. Tetracyclines and erythromycin have
been time-proven safe and efficacious choices.
The usual dose is 500 to 1.000 mg/day in
divided doses initially and then gradual with
drawal as inflammatory lesions disappear. In
combination with topical retinoic acid, most
patients will not need antibiotics for more
than 3 or 4 months. More recently. properly
formulated topical antibiotics have been in
troduced. Currently, there are several formu
lations of benzoyl peroxide which are ex
tremely effective. Many patients, however.
cannot use both benzoyl peroxide and reti
noic acid simultaneously because of excessive
local irritation. More recently, 2% erythromy
cin free base has been shown to be effective,
but it is not yet readily available.
5. If there is excessive emotional tension or pres
sure, then this too must be counteracted by a
mild tranquilizer.
6. The excessive use of cosmetics especially
moisturizers, cleansing lotions, and face
creams should be discouraged.
The successful management of acne involves a
careful detailing of the factors involved in pathoge-
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nesis to insure confidence and cooperation with the
now quite successful therapeutic maneuvers avail
able.
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